In this study, the control performance of a hydraulic servo system with a feedback linearization compensator is investigated. The focus of this study is set on the quantitative investigation of the effects(sensitivities) of disturbances and system parameters' variation on control performances of the hydraulic control system. Finally, verifies the efficacy of a disturbance observer to overcome the control performances deterioration due to system parameters' variations, disturbances in the control system.
INTRODUCTION
There are many nonlinearities in hydraulic servo systems like nonlinear pressure-flow characteristics in valves, hysteresis and null point drift in valves, nonlinear driving force from asymmetric cylinder. If hydraulic servo systems are controlled using linear controllers, which are most common so far, it is not easy to achieve satisfactory control performances, as the linear controllers have to be dimensioned conservatively to ensure stability. As a countermeasure to overcome this difficulty due to hydraulic systems' nonlinearities, applications of feedback linearization controllers to hydraulic control systems has been tried [1] [2] [3] [4] . But the research works with the controllers were not fully satisfactory in most cases, because the researchers did not consider the effects of disturbances and parameters ' This section describes the design procedure applying a feedback linearization technique to the object system to overcome the nonlinerities of the system. Differentiating the Eq. (3) with respect to time yields:
By substituting Eq. (2) and (3) to Eq. (5), we obtain the following equation.
Eq. (6) is rearranged as Eq. (7), by separating terms including Ql and terms having no relation with Ql. Thus, if the flowrate computed by the Eq. (10) is supplied to the system continuously, the condition d3xp/ dt3= can be satisfied. Thereby, a linerized relationship between 0 and xp is obtained. Then, a state feedback controller can be applied to the system, as shown in Fig. 2 . And also the representative poles in the control system can be placed at the predetermined positions by adjusting the closed loop control gains. From Fig. 2 , a transfer function shown as Eq. (11) is obtained, which is the nominal model of the control system with the feedback linearization compensator. Results in Fig. 6 shows that the linearized model (1/s3) can be affected in a large scale by the external force and valve null point drift. Table 2 shows the variation of poles of the object system in Fig. 3 under the variation of system parameters pp, gp and M . The data were given from simulations using MATLAB/SIMULINKu, and Figure 4 Photo. of the experimental equipment Table 1 Pysical parameters values in the object system Table 2 Poles of the object system shown in Fig. 3 under the variation of system parameters the transfer functions between Q1 and j , and between iv and Q1 were substituted as '1'. We can have a hint from the data in Table 2 on the fact that the control performances of the system shown in Fig. 3 might be affected severely under the variation of system parameters fie, Bp and M,.
DESIGNING A DISTURBANCE OBSERVER
In this section, we will design a Feedback Linearization -State Feedback Controller with Disturbance Observer (FL-SFC-DOB) for the hydraulic servo system. Fig. 7 shows a system with the disturbance observer. H(s) in the figure shows the control system including FL-SFC, Figure 7 Application of a disturbance observer to the control system shown in Fig. 3 and Hn (s) is the nominal model described by Eq.(11).
Q(s) is a filter for disturbance compensation, and d (s) describes external disturbances or disturbance equivalence of system parameters' variation. In this study, Umeno's method [5] was applied to design Q (s). Q (s) for the system was obtained as Eq. (12) considering that the relative order between the numerator and the denominator of the system transfer function is 3.
where a is a cut-off frequency.
RESULTS OF EXPERIMENT AND SIMULATION
Experiments were done using the experimental system shown in Fig. 4 . The parameters values of the experimental system are given in Table 1 . In all the experiments of this study, ps is set to be 35 bar. For realizing digital control and signal measurements, a PC and MATLAB/RTWT [6] were used.
The results when rFL-SFC1 applied The effects of the variations of the representative physical parameters M,, Bp and A on the control performances of the control system were investigated.
Step responses of the control system under the variation of Mt, B p and fie were shown in Fig. 12, 13 and 15.
When FL-SFC was applied, change in control performances appeared according to the variation of Mt, Bp and A. And, it was ascertained that, with FL-SFC-DOB application, the change in the control performances under the variation of Mt, Bp and A could be moderated in a great deal.
CONCLUSIONS
In this study, the control performance of a hydraulic servo system with a feedback linearization compensator was investigated. The focus of this study was set on thequantitative investigation of the effects (sensitivities) of disturbances and system parameters' variation on control performances of the hydraulic control system. Finally, verified the efficacy of a disturbance observer to overcome the control performances deteriorations due to system parameters' variations, disturbances in the control system.
